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Component placement machine as well as a method for transporting printed circuit boards 



The invention relates to a component placement machine with a frame and 
with a transport device for transporting printed circuit boards in an X-direction, which 
transport device comprises at least one transport beam extending in the X-direction, which 
beam can be driven in the X-direction in a reciprocating movement. 

The invention further relates to a method for transporting printed circuit 
boards with respect to a frame by means of a transport beam in an X-direction whereby at 
least one printed circuit board is moved by means of the transport beam from an initial 
position in a positive X-direction to a predetermined position, after which the transport beam 
is lowered with respect to the printed circuit board in a negative Z-direction over a 
predetermined distance, the transport beam is moved in the negative X-direction to the initial 
position and the transport beam is moved up again in the positive Z-direction over the 
predetermined distance. 



Such a machine as well as such a method are disclosed in US-A-5 .680.699 in 
which printed circuit boards in the form of strip shaped supports are being transported and 
provided with electronic components. The strip shaped support or foil is on one lateral edge 
provided with holes through which transport pins of a transport beam are being inserted. The 
transport beam is further provided with a clamping mechanism which extends along the other 
lateral edge of the foil. By means of the clamping mechanism the foil is tautened in an Y- 
directed extending perpendicular to the X-direction and lying in the plane of the foil. 

When the foil has been displaced in the X-direction over the desired distance, 
the clamping means are being released, the transport pins are being lowered and the transport 
beam is displaced in a negative X-direction whilst the foil is lying with its lower surface on a 
supporting plate forming part of the frame. 

In view of the high accuracy with which components have to be placed it is 
desirable to transport the printed circuit board by means of clamping means. Furthermore no 
specific transport holes need to be provided in the printed circuit board, so that more freedom 
in the design of the board is obtained. 
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This machine is, however, not suitable for printed circuit boards which are 
already provided with components on its lower surface. 



It is therefore an object of the invention to provide a component placement 
machine in which the above mentioned disadvantage has been overcome. 

This object has been achieved by the component placement machine according 
to the invention in that the transport device is provided with clamping means connected to 
the transport beam for clamping in at least one lateral edge extending in the X-direction of 
the printed circuit boards to be transported, and in that the device is further provided with 
supporting means connected to the frame for supporting two lateral edges on both sides of the 
printed circuit boards, which clamping means can be brought into an active clamping position 
such that the clamping means are active during the movement of the transport beam in the 
positive X-direction and can be brought in a rest position during returning of the transport 
beam in the negative X-direction, in which rest position of the clamping means the printed 
circuit boards are being supported by the supporting means. 

Because the printed circuit board in the rest position of the clamping means, is 
being supported on the two lateral edges by the supporting means, the components connected 
to the lower surface of the printed circuit board do not form obstacles for the supporting 
means. 

Furthermore the supporting means on which the printed circuit boards simply 
rest, do not exert undesired forces on the printed circuit boards, due to which the boards 
might be moved. In this manner a good position accuracy is obtained. 

An embodiment of the component placement machine according to the 
invention is characterized in that the clamping means comprise a fixed jaw portion, which 
cooperates with an upper side of the printed circuit board and a moveable jaw portion which 
is movable in a Z-direction to the fixed jaw portion to cooperate with a lower side of the 
printed circuit board and is movable away from the fixed jaw portion to release the printed 
circuit board. 

Due to the movable jaw portion it is relatively easy to clamp a lateral edge of 
the printed circuit board. Furthermore by lowering the movable jaw portion with respect to 
the fixed jaw portion, the printed circuit board, resting on the movable jaw portion is also 
lowered, whereby the lateral edges of the printed circuit board can easily be put on the 
supporting means connected to the frame. 
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Another embodiment of the component placement machine according to the 
invention is characterized in that the fixed jaw portion comprises a number of clamping 
elements which extend in an X-direction one behind the other. 

The use of clamping elements with dimensions smaller than a dimension of 
5 each of the printed circuit boards will achieve that each of the printed circuit boards will 
always be clamped in by at least two clamping elements. If the clamping element is spring 
loaded and comprises for example a leaf spring, differences in thickness of the printed circuit 
boards will easily be taken into account. 

Another preferred embodiment of the component placement machine 
10 according to the invention is characterized in that the transport device comprises a bed of 
supporting pins, movable simultaneously with the movable jaw portion. 

The supporting pins support the printed circuit board during transport and are 
located against the lower surface of the printed circuit board on locations where no 
components are present. Furthermore the support pins prevent deflection of the printed circuit 
15 board. 

By simultaneously moving the movable jaw portion as well as the supporting 
pins, a good support for the printed circuit board is obtained both during the transport of the 
printed circuit board in the positive X-direction as well as during the lowering of the printed 
circuit board and placing it on the supporting means connected to the frame. 
20 It is also an object of the invention to provide a method for transporting 

printed circuit boards whereby the transport beam can be returned to its initial position 
relatively quickly. 

This object is being achieved by the method according to the invention in that 
the movement of the transport beam in the negative X-direction as well as the Z-direction is 

25 partly simultaneously. 

If the transport beam is already start moving in the negative X-direction before 
the transport beam has been displaced in the negative Z-direction over the predetermined 
distance, a time reduction is being obtained. The transport beam can be moved in the 
negative X-direction as soon as all the elements of the transport beam which might hit against 

30 components on the lower surface of the printed circuit board are lowered enough to avoid 
collision. If use is being made of supporting pins, the supporting pins must be lower over 
safety distance which is larger than the height of the biggest component connected to the 
lower surface of the printed circuit board. This safety distance therefore depends on the 
specific printed circuit board which is provided with components in the component 
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placement machine. The safety distance is therefore preferably adjustable. In the same 
manner the transport beam can be moved in a positive Z-direction from the predetermined 
distance to the safety distance as soon as the transport beam is near its initial position. As 
soon as the transport beam is at its initial position in X-direction, the transport beam can be 
moved upwards and the supporting pins are brought against the lower surface of the printed 
circuit board. 



The invention will now be explained in more detail below with reference to 
the drawing, in which embodiments of the component placement machines according to the 
invention are shown by way of example. 

Fig. 1 shows a front view of a component placement machine according to the 

invention, 

Fig. 2 shows a schematic side view of the machine as shown in fig. 1, 

Fig. 3 shows a detailed part of the side view as shown in fig. 2, 

Fig. 4 shows several steps for transporting printed circuit board according to 

the invention, 

Fig. 5 shows a graph of the movement of the transport beam of the machine as 
shown in fig. 1. 



Fig. 1 shows a component placement machine 1 according to the invention 
which is provided with a frame 2 in which a transport device 3 is accommodated. The 
component placement machine 1 is further provided with a number of component placement 
units 4. Such units 4 are known for example from the above mentioned US-patent US-A- 
5.680.699. Printed circuit boards 5 can be transported through the machine 1 by the transport 
device 3. The transport device 3 can be indexed over a certain distance in a positive X- 
direction by driven means (not shown), whereupon the transport device 3 can be moved back 
into its initial or starting position in the negative X-direction after said distance has been 
covered. The printed circuit boards, transported by means of the transport device 3 are 
provided with components by the units 4. 

Fig. 2 and 3 show a side view of the component placement machine 1 and 
especially the transport device 3. The transport device 3 comprises a transport beam 6 which 
comprises two plates 7, 8 extending parallel to each other. The plate 7 is movable with 
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respect to plate 8 in and opposite to the Z-direction. The plate 7 carries a plate 9 on which 
supporting pins 10 are mounted. On one lateral side the plate 7 is provided with a metal sheet 
1 1 extending perpendicular to the plate 7. An edge 12 of the metal sheet 1 1 lies on the same 
height as the ends of the supporting pins 10. The plate 8 of the transport beam 6 is provided 
5 on a lateral edge with a plate 13 extending parallel to the metal plate 1 1 . The plate 1 3 is 

slidable mounted with respect to a guiding strip 14, connected to the frame 2. As can be seen 
in fig. 3 the plate 13 is thereto provided with a set of wheels 15 forming guiding means with 
respect to the guiding strip 14. By means of slidable mounted plate 13, the guiding strip 14 
will be positioned in Y- and Z-direction. By means of slidably mounted plate 13 the whole 

10 transport beam 6 can be moved in and opposite to the X-direction. 

The plate 13 is provided on a side remote from the plate 8 with a part 15 
extending parallel to the plate 8 and above the edge 12 of the plate 11. The part 15 forms a 
first jaw portion cooperating with the edge 12 forming a second jaw portion of clamping 
means. Between said jaw portions 12, 15 the printed circuit board 5 can be clamped. The part 

15 15 is, as can be seen in fig. 3 and 4, provided with a number of clamping elements 16 which 
extend in an X-direction one behind the other and are connected by means of leaf springs 17 
to the part 15. 

On a lateral side remote from the knife shaped thin plate 1 1, a relatively thin 
plate 25 is mounted on the plate 9 which plate 25 extends to the same height as the ends of 
20 the supporting pins 10. The plate 25 supports a components free lateral zone of for example 3 
mm of the printed circuit board 5. 

The guiding strip 14 is on a side directed to the part 15 provided with a ridge 
18 forming part of supporting means for the printed circuit board 5. The supporting means for 
the printed circuit board 5 comprises furthermore an element 19 which is movable in and 
25 opposite to the Y-direction to be able to support printed circuit boards 5 with different width. 
The element 19 is provided with a ridge 20 lying on the same height as the ridge 18. 

The element 19 is furthermore provided with a spring loaded element 26 
which presses the printed circuit board 5 against the plate 25. During transport the printed 
circuit boards 5 slide along the spring loaded element 26. 
30 The operation of the machine will now be explained with reference to fig. 4 in 

which several steps I-VI are shown for transporting a printed circuit board 5. In step I three 
printed circuit boards 5 are located in the machine 1 and are resting with their lateral edges 
on the ridges 18, 20 of the supporting means. The plate 7 of the transport beam 6 as well as 



WO 2004/045266 ^^77 IB 2003/004 752 

the plate 1 1 connected thereto is located in a relatively low position whereby the edge 12 is 
located under the level of the ridges 18, 20. 

In step II the plate 7 of the transport beam 6 together with the plate 1 1 and the 
supporting pins 10 has been moved in the positive Z-direction whereby lateral edges 21 (see 
5 fig. 3) of two boards 5 are clamped in between the edge 12 of the plate 1 1 and the clamping 
elements 16. 

The lateral edges of the printed circuit board necessary for being supported 
and being clamped in need to be free from components. This component-free lateral zone is 
for example 3 mm. 

10 As can be seen in fig. 4, each printed circuit board 5 is clamped in by several 

clamping elements 16, the length of which being smaller than the longitudinal dimension of 
the printed circuit board. It is achieved thereby that each of the printed circuit boards will be 
satisfactorily be clamped in by at least one clamping element in spite of possible thickness 
differences among the printed circuit boards. As can be further seen, in step II the printed 

15 circuit board 5 on the right side is being removed from the machine 1, for example by means 
of an endless belt 22 as shown in fig. 1 . 

In step III the transport beam 6 together with the clamped in circuit boards 5 is 
transported in X-direction. The transport in X-direction can be stepwise so that each printed 
circuit board 5 will stop under each component placement unit 4 to provide it with 

20 components. Before a component is placed on the printed circuit board 5, the exact position 
of the board 5 with respect to the component placement unit 4 can be determined by means of 
a camera mounted on the unit 4. 

In step IV the transport beam 6 has reached a position in which a printed 
circuit board 5 is located near the end of the transport device 3. A new printed circuit board 5 

25 can now be brought in by means of, for example an endless belt 23 (see fig. 1). 

The transport beam 6 is provided near the left side with a stopper 27 to which 
the new printed circuit board 5 transported by the endless belt 23 will abut. As soon as the 
new board 5 is near the stopper 27, an optical sensor 28 will detect it and send a signal to the 
driven means of the endless belt 23 to reduce its speed so that the board 5 will slowly abut 

30 against the stopper 27. The stopper can be displaced from the left side to the right side in case 
that the machine 1 will be driven in the opposite direction. On the rigjit side 29 an optical 
sensor 29 is also mounted on the transport beam 6. By means of said optical sensor 29 it is 
possible to detect a printed circuit board 5 on the right side of the transport beam 6. If said 
printed circuit board 5 has not yet been removed and is detected by the optical sensor 29 an 
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upward movement of the transport beam 6 can be stopped to prevent damage to the machine 
and/or the printed circuit board. 

As shown in step V the plate 7 together with the plate 1 1 and the transport pins 
10 is moved in negative Z-direction whereby the printed circuit boards 5 will also move 
downwards until the lateral edges of the printed circuit board 5 abut the ridges 18, 20 of the 
supporting means and will rest thereon. Now the transport beam 6 can be moved in negative 
X-direction until it has reached the initial position as shown in step L The cycle of 
transporting printed circuit boards 5 can now be started again. 

In fig. 5 a graph is shown in which the movement of the transport beam 6 and 
especially the plate 7 and the metal plate 1 1 connected thereto is shown. First, the transport 
beam 6 is indexed in several steps SI, S2 and S3 to transport the printed circuit boards 5. 
Then the plate 1 1 is moved in negative Z-direction to a safety distance at level Zsafe on 
which level the supporting pins 10 are located below all components 24 connected to the 
lower surface of the printed circuit board 5. As soon as the plate 1 1 and the supporting pins 
10 has reached the level Zsafe, the transport beam 6 start moving in negative X-direction 
whilst the plate 1 1 continues moving in negative Z-direction until it has reached the level 
Zmin. Due to this combined movement, the time necessary for the movement of the transport 
beam 6 back to the initial position is reduced. As soon as the transport beam 6 reaches it 
initial position, the plate 7 and the plate 1 1 are being moved upwards to the level Zsafe. 
When the transport beam 6 has reached its initial position, the plate 1 1 is moved beyond the 
Zsafe level to the initial ZO-level on which the printed circuit board 5 is supported by the 
transport pins 10 and clamped in between the edge 12 of the plate 1 1 and the spring loaded 
clamping elements 16. Also due to the combined movement in negative X- and positive Z- 
direction near the initial position of the transport beam 6 a reduction of the time necessary for 
the return movement of the transport beam 6 has been achieved. 

The positive X-direction can be directed to the right side of the machine 1 as 
well as to the left side. 

The predetermined position to which the transport beam 6 is indexed is 
programmable. Also the steps SI, S2 etc. are programmable. 

It is also possible to clamp in the printed circuit boards 5 on both lateral edges 
during transport. 
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1 . A component placement machine with a frame and with a transport device for 

transporting printed circuit boards in an X-direction, which transport device comprises at 
least one transport beam extending in the X-direction, which beam can be driven in the X- 
direction in a reciprocating movement, characterized in that the transport device is provided 
5 with clamping means connected to the transport beam for clamping in at least one lateral 
edge extending in the X-direction of the printed circuit boards to be transported, and in that 
the device is further provided with supporting means connected to the frame for supporting 
two lateral edges on both sides of the printed circuit boards, which clamping means can be 
brought into an active clamping position such that the clamping means are active during the 
10 movement of the transport beam in the positive X-direction and can be brought in a rest 
position during returning of the transport beam in the negative X-direction, in which rest 
position of the clamping means the printed circuit boards are being supported by the 
supporting means. 

15 2. A component placement machine according to claim 1 , characterized in that 

the clamping means comprise a fixed jaw portion, which cooperates with an upper side of the 
printed circuit board and a moveable jaw portion which is movable in a Z-direction to the 
fixed jaw portion to cooperate with a lower side of the printed circuit board and is movable 
away from the fixed jaw portion to release the printed circuit board. 

20 

3. A component placement machine according to claim 2, characterized in that 

the fixed jaw portion comprises a number of clamping elements which extend in an X- 
direction one behind the other. 

25 4. A component placement machine according to claim 3, characterized in that 

each clamping element comprises a leaf spring. 
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5. A component placement machine according to claims 2-4, characterized in 

that the transport device comprises a bed of supporting pins, movable simultaneously with 
the movable jaw portion. 

5 6. A component placement machine according to one of the preceding claims, 

characterized in that the supporting means comprises two ridges extending in the X-direction. 

7. A component placement machine according to claim 6, characterized in that 
the distance between the ridges is adjustable. 

10 

8. Method for transporting printed circuit boards with respect to a frame by 
means of a transport beam in an X-direction whereby at least one printed circuit board is 
moved by means of the transport beam from an initial position in a positive X-direction to a 
predetermined position, after which the transport beam is lowered with respect to the printed 

15 circuit board in a negative Z-direction over a predetermined distance, the transport beam is 
moved in the negative X-direction to the initial position and the transport beam is moved up 
again in the positive Z-direction over the predetermined distance, characterized in that the 
movement of the transport beam in the negative X-direction as well as the Z-direction is 
partly simultaneously. 

20 

9. Method according to claim 8, characterized in that the movement of the 
transport beam in the negative X-direction is started as soon as the transport beam has been 
moved in the negative Z-direction over a safety distance but before the transport beam has 
been moved in the negative Z-direction over the predetermined distance. 

25 

10. Method according to claim 8, characterized in that the movement of the 
transport beam in the positive Z-direction is started before the transport beam is at the initial 
position in X-direction but only after the transport beam has reached the initial X-position the 
transport beam will be moved from a safety distance to the initial position in Z-direction. 

30 

1 1. Method according to one of the preceding claims 9 or 10, characterized in that 
the safety distance is adjustable. 



WO 2004/045266 



* 



4/4 



T/IB2003/004752 




Zsafe 
Zmin 



FIG.5 



internationaTsearch report 



intematto |ppllcatlon No 

PCT/IB~W04752 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 H05K13/00 



According to International Patent Classification (IPC) or to both national cfassificaUon and IPC 



FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 H05K 



Documentation searched other than minimum documentation to the extent that such documents are incajded In the fields searched 



Electronic data base consulted during the international search (name of data base and. where practical, search terms used) 

EPO-Internal , WPI Data, PAJ 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ° Citaiion of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



US 2002/085901 Al (VAN DEURSEN JOHANNES 
ALBERTUS) 4 July 2002 (2002-07-04) 
the whole document 

US 6 324 752 Bl (REUVERS GERARDUS L J ET 
AL) 4 December 2001 (2001-12-04) 
the whole document 



1,8-10 

2,5 

12 



□ 



Further documents are listed in the continuation of box C. 



ID 



Patent family members are listed in annex. 



* Special categories of cited documents : 

•A' document defining the general state of the art which te not 

considered to be of particular relevance 
*E a earlier document but published on or after the international 

filing date 

*L* document which may throw doubts on priority ciaim(s)or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

'O* document referring to an oral disclosure, use, exhibition or 
other means 

*P" document published prior to the International filing date but 
later than the priority dale claimed 



"T later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

*X* document of particular relevance: the claimed invention 
cannot be considered novel or cannot be considered to 
Involve an Inventive step when the document Is taken alone 

"V document of particular relevance; the claimed Invention 

cannot be considered to involve an inventive step when the 
document is combined wilh one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

document member of the same patent family 



Date of the actual completion of the international search 



2 February 2004 



Date of malting of the International search report 



09/02/2004 



Name and mailing address of the ISA 

European Patent Office. P.B. 5616 Patentlaan 2 
NL - 2280 HV RijswIJk 
TeL (+31-70) 340-2040. Tx. 31 651 epord. 
Fax (+31-70) 340-3016 



Auihori2ed officer 



Rleutort, A 



Form PCT/1SA/210 (socond shtet) (JuJ/ 1W2) 



* 



INTERNATIONAL SEARCH REPORT 



Inlernstloj |pplicatlon No 

PCT/IB" 03/04752 



Patent document 


Publication 




Patent family 


Publication 


cited in search report 


date 




member(s) 


date 


US 2002085901 Al 


04-07-2002 


WO 


0237921 Al 


10-05-2002 






EP 


1369006 Al 


10-12-2003 



US 6324752 Bl 04-12-2001 W0 0133928 Al 10-05-2001 

EP 1149522 Al 31-10-2001 

JP 2003513458 T 08-04-2003 



Form PCT/tSA/210 (potent family annex) (July 1982) 



